MIPR  NO:  91MM1582 


TITLE:  VALIDATION  OF  THE  ACCURACY  AND  RELIABILITY  OF 

CULTURING  INTRAVASCULAR  CATHETER  SEGMENTS 


PRINCIPAL  INVESTIGATOR:  MAJ  Oleh  W.  Hnatiuk 


CONTRACTING  ORGANIZATION:  Walter  Reed  Army  Medical  Center 

Critical  Care  Medicine  Service 
Washington,  DC  20307-5001 


REPORT  DATE:  November  24,  1992 


TYPE  OF  REPORT:  Final  Report 


PREPARED  FOR:  U.S.  ARMY  MEDICAL  RESEARCH  AND  DEVELOPMENT  COMMAND 
Fort  Detrick,  Frederick,  Maryland  21702-5012 


DISTRIBUTION  STATEMENT:  Approved  for  public  release; 

distribution  unlimited 


The  findings  in  this  report  are  not  to  be  construed  as  an 
official  Department  of  the  Army  position  unless  so  designated  by 
other  authorized  documents. 


REPORT  DOCUMENTATION  PAGE 

form  Approved 

0MB  No  0704-0183 

®jOiK  '^oo'^''>q  Ou'Qtr'  *Of  thi$  i:oliection  tc  ’  »'Our  oe^  '•^porv^  .n<tv<j*n9  ihf  time  iO'  'fvtewnq  inMr,jction^  ei-stinq  a*ta  vo«rc« 

9athe^'<'9  matr.tiioin^  the  aata  ''e^e^.  ano  ^omoietin^  and  rev-e^nin^  •.^e  ;Diiect»on  mtofmjtjon  Send  comment!  '•eoafOinq  tht!  ix.^3en  ett  m^te  of  an,  jther  aspect  of  thi% 

coi«e^t<on  of  information,  nc/udin^  h/ggeit>Of>i  for  reCuong  rhts  ourden  tc  Washington  neadouaners  Services.  Directorate  'or  information  Ooe-aiton!  and  Beoorts.  1 2 1 S  .eMerson 
Oavis  High^^av.  Suite ’204  Arlington,  va  22202-4302  and  to  the  Office  0*  Management  and  Budget  ^aperwcru  Redua-on  Project  (0^04^*80).  Washington  oc  20503 

1.  ACCNCY  USt  ONLY  fterfi'e  b/ank)  2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

24  Nov  92  Final  Reoort  (5/1/91  -  4/30/92T 

4.  title  and  subtitle 

Validation  of  the  Accuracy  and  Reliability  of  Culturing 
Intravascular  Catheter  Segments 

S.  FUNDING  NUMBERS 

MIPR  No. 

91MM1582 

63105A 

3M263105874.FA.311 

WUDA335885 

6.  AUTHOR($) 

Oleh  W.  Hnatiuki  MAJ;  James  Pike,  MAJ; 

Daniel  Stolzfus,  MAJ;  William  Lane,  LTC 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADOR£SS(ES) 

Walter  Reed  Army  Medical  Center 

Critical  Care  Medicine  Service 

Washington,  D.C.  20307-5001 

8.  PERFORMING  ORGANIZATION 

REPORT  NUMBER 

9.  SPONSORING /MONITORING  AGENCY  NAME(S)  AND  ADORESS(ES) 

U.S.  Army  Medical  Research  and  Development  Command 

Fort  Detrick 

Frederick,  Maryland  21702-5012 

10.  SPONSORING  'MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  unlimited 

tZb  DISTRIBUTION  CODE 

13.  ABSTRACT  (Maximum  200  wor<is) 

We  oonpared  semiquantitative  central  venous  catlieter  tip  cultures  plated  at 
the  bedside  with  those  cultured  in  the  lab,  to  detennine  if  bedside  plating  provides  a 
a  significantly  better  yield.  Paired  segnents  of  212  catheter  tips  fron  95  surgical 
and  medical  intensive  care  unit  patients  were  evaluated  prospectively.  A  total  of  39 
catheter  tip  cultures  were  positive  for  greater  than  or  equal  to  15  organisms  per  agar 
plate,  with  13  of  these  being  sinultanecxjsly  positive  at  the  bedside  and  in  the  lab. 
Cultures  were  exclusively  positive  in  22  cases  plated  ininediately  at  the  bedside, 
whereas  laboratory  plating  resulted  in  only  4  exclusively  positive  cases.  This 
discnnepancry  was  statistically  significant  (p  less  tlan  .0005).  Conpared  to  bedside 
plating,  the  sensitivity  and  specificity  of  sending  catheters  to  the  lab  was  37%  and 
98%  lespecrtively.  These  results  indicate  that  the  practica  of  sending  cantral 
venous  catheter  tips  to  the  lab  for  routine  culture  shcxild  be  reconsidered  in  favor  of 
bedside  plating. 

14.  SUBJECT  TERMS 

SemlquanClCaCive  culture;  Intravascular  catheter;  Sepsis; 

RAII;  Volunteers 

IS.  NUMBER  OF  PAGES 

21 

16  PRICE  CODE 

17.  SECURITY  CLASSIFICATION 

OF  REPORT 

Unclassified 

18  SECURITY  CLASSIFICATION 

OF  this  page 

Unclassified 

19.  SECURITY  classification 

OF  abstract 

Unclassified 

20  LIMITATION  OF  ABSTRACT 

Unlimited 

MSN  7540*01  .?80-5S00  Standard  ^orm  298  ;Rev  2  89) 


o»  -iNSi  sta  J39  'B 


2S8  ’02 


FOREWORD 


Opinions,  interpretations,  conclusions,  and  recommendations  are 
ttiose  of  the  author  and  are  not  necessarily  endorsed  by  the 
U.S.  Army. 


_ Where  copyrighted  material  is  quoted,  permission  has 

been  obtained  to  use  such  material. 


_ Where  material  from  documents  designated  for  limited 

distribution  is  quoted,  permission  has  been  obtained  to  use  the 
material . 

Citations  of  commercial  organizations  and  trade  names  in 
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INTRODUCTION 


Semiquantitative  culture  of  catheter  segments,  as  originally 
1  .  . 

described  by  Maki  ,  is  widely  used  in  identification  of 

infections  associated  with  intravascular  catheters.  It  is 

considered  the  easiest  and  most  labor  efficient  method  available 

.  .  2 

to  detect  catheter  associated  infection.  It  has  been  used  in 

studies  looking  at  rates  of  infection  in  different  types  of 

catheters,  risk  factors  for  the  development  of  catheter- 

related  complications,  and  methods  of  identifying  catheter- 
.  7  —  12 

related  infection.  In  all  of  these,  the  catheter  tip  was 

transported  to  the  lab  for  culture. 

Based  on  observed  discrepancies  between  Gram  stain  and 
semiquantitative  culture  results,  two  of  these  studies  suggested 

the  possibility  that  routine  transport  and  handling  of  catheter 

.  .  .  .  7  10 

tips,  prior  to  culturing,  leads  to  loss  of  viable  organisms.  ' 

Because  of  it's  important  role  in  identifying  catheter-related 

infections  and  because  of  the  concerns  raised  by  these  authors, 

we  attempted  to  prospectively  evaluate  the  hypothesis  that 

routine  laboratory  culture  of  catheter  tips  is  associated  with 

decreased  sensitivity  compared  to  cultures  plated  at  the  bedside. 
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METHODS  AND  MATERIALS 


CATHETER  COLLECTION 

Intravascular  catheters  located  in  central  veins  of  adult 
surgical  and  medical  intensive  care  patients  were  cultured.  Any 
type  of  central  venous  catheter  was  accepted  for  study. 

In  our  intensive  care  units,  catheter  sites  are  covered  with 
clear  or  opaque  occlusive  dressings,  which  are  changed  at  either 
72  hours  or  24  hours,  respectively.  Antibiotic  ointment  is  not 
routinely  used.  Any  central  catheters  placed  outside  the  ICU 
setting  (except  in  the  operating  room)  are  considered 
contaminated  and  replaced.  Multiple  guidewire  exchanges  are 
allowed  and  are  mandatory  at  5  day  intervals.  Multiple  exchanges 
of  Swan-Ganz  pulmonary  artery  catheters  are  allowed.  Otherwise, 
absolute  indications  for  catheter  exchange  or  removal  are  the 
same  as  those  suggested  by  Norwood  . 

Prior  to  working  in  the  intensive  care  units,  all  housestaff 
were  required  to  be  familiar  with  procedures  for  removal  of 
catheters,  exchange  of  catheters  over  guidewire  using  the 
Seldinger  technique,  bedside  plating  of  catheter  segments  and 
preparation  of  segments  for  transport  to  the  microbiology  lab. 
This  was  accomplished  by  requiring  housestaff  to  view  a  training 
film  produced  specifically  for  this  protocol. 

Catheters  were  removed  by  the  physician (s)  responsible  for 
the  patient's  care,  using  strict  aseptic  technique.  Sterile 
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gowns  and  gloves,  sterile  barriers  and  caps  were  required.  The 
skin  surrounding  the  insertion  point  was  cleaned  with  povidone- 
iodine  and  allowed  to  dry.  Removal  was  accomplished  using 
sterile  scissors  and  forceps. 

The  last  6  cm.  of  each  catheter  was  divided  into  two  3  cm. 
subsegments;  a  distal  segment  (including  the  tip)  and  one  just 
proximal  to  that.  The  6  cm.  total  segment  length  was  chosen 
because  this  closely  approximates  Maki’s  original  catheter 
length^,  and  is  the  length  used  in  other  studies. ^ ® Catheter 
tip  cultures  were  chosen  over  intracutaneous  segment  cultures 
because  the  intracutaneous  segment  is  more  difficult  to  culture^ 
and  does  not  appear  to  provide  significantly  different  results 
from  the  distal  tip^'^^.  The  catheter  tip  is  also  widely 

used. 5, 6, 7, 8, 9, 10, 11, 14 

For  the  first  approximately  100  catheters,  the  proximal 
subsegment  was  plated  onto  agar  immediately  at  the  bedside  and 
the  distal  portion  was  transported  to  the  lab  for  culture  in  the 
usual  manner.  For  the  next  approximately  100  catheters,  the 
distal  subsegment  was  plated  at  the  bedside  and  the  proximal 
portion  sent  to  the  lab.  There  were  cases  where  subsegments  were 
cultured  in  reverse  of  that  prescribed  by  protocol.  These  cases 
were  included  in  the  final  analysis,  with  the  appropriate 
location  of  culture  being  noted. 

At  the  time  of  catheter  removal,  physicians  were  asked  to 
fill  out  a  data  form.  Information  on  the  form  included:  type  of 
catheter,  site  of  removal,  reason  for  removal  and  if  other  sites 


of  infection  were  suspected  or  documented.  Blood  cultures  were 
obtained  when  bacteremia  was  suspected  and  were  not  a  requirement 
of  this  protocol. 

Catheters  from  patients  less  than  18  years  of  age,  cases 
where  culture  data  was  not  available  for  both  catheter 
subsegments  and  any  contaminated  catheter  tips  (growth  of  >  3 
different  organisms  on  semiquantitative  culture  plate)  were 
excluded  from  the  study. 

This  study  was  approved  by  the  institutional  committee  on 
human  research. 

CATHETER  CULTURES 


Catheter  subsegments  sent  to  the  lab  were  cultured  using 
semiquantitative  technique  described  by  Maki.^  The  catheter 
subsegments  were  plated  onto  5%  sheep-blood  agar  and  incubated  at 
37  degrees  centigrade.  Inspection  of  the  plates  for  microbial 
growth  was  done  daily  and  colony  counts  were  performed  by  visual 
inspection.  Isolate  identification  was  accomplished  by  standard 
microbiologic  methods. 

For  catheter  subsegments  cultured  immediately  at  the 
bedside,  the  segment  was  transferred  to  a  plate  containing  5% 
sheep-blood  agar  using  sterile  forceps.  It  was  then  rolled  over 
the  surface  4  to  5  times,  while  avoiding  plating  the  same  area 
more  than  once.  These  plates  were  then  incubated  at  37  degrees 
centigrade,  in  a  portable  incubator  located  in  the  intensive  care 
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unit  until  they  were  transported  to  the  microbiology  lab. 
Transport  was  accomplished  within  24-48  hours.  Subsequent 
processing  was  identical  to  that  of  subsegments  cultured  in  the 
lab  as  described  above. 

DEFINITIONS 


Catheter-related  infection  is  defined  as  microbial  growth  of 

.  13 

>  15  colonies  per  semiquantitative  agar  plate.  Catheter- 

related  bacteremia  (includes  fungemia)  is  defined  as  isolation  of 

the  same  organism  from  catheter  segment  and  at  least  one  blood 

culture  drawn  from  a  different  site  within  48  hours  of  catheter 

removal,  in  the  absence  of  other  suspected  or  documented  sources 

of  infection.  The  catheter  was  considered  to  be  hematogenously 

seeded  if  there  were  other  suspected  or  documented  foci  of 

infection. 

Full  concordance  between  catheter  subsegments  is  defined  as 
growth  of  >  15  colonies  of  only  the  same  organism (s)  on  both 
subsegments.  Partial  concordance  between  catheter  subsegments  is 
defined  as  growth  of  >  15  colonies  of  at  least  one  of  the  same 
organisms  on  both  catheter  segments. 
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STATISTICAL  METHODS 


Using  the  STATISTIX  3.1  software  package,  paired  comparison 
of  semiquantitative  cultures  was  accomplished  using  the  McNemar 
test  for  symmetry.  Sensitivity,  specificity,  positive  and 
negative  predictive  values  were  calculated  using  standard 
statistical  methods. 
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RESULTS 


One-hundred  ninety-seven  catheters  from  92  patients  were 
analyzed.  The  patient  population  included  63  males  and  29 
females  with  a  mean  age  of  63.7  years  (range  20  to  92  years). 

All  catheters  were  central  venous  catheters,  including  76  triple 
lumen  catheters,  60  Swan-Ganz  pulmonary  artery  catheters,  54 
Cordis  introducer  catheters,  5  single  lumen  catheters  and  1 
dialysis  catheter  (SEE  TABLE  1) .  The  type  of  catheter  was  not 
specified  in  one  case.  Ninety-two  catheters  were  from  the 
internal  jugular  vein,  49  from  the  subclavian  vein,  34  from  the 
femoral  vein  and  4  from  other  sites  (mostly  external  jugular) . 

In  18  cases,  the  site  of  insertion  was  not  reported. 

Semiquant itative  cultures  of  31  (15.7%)  catheter  tips  were 
positive  for  >  15  colonies  per  plate  (SEE  TABLE  2) .  Nine  of 
these  grew  more  than  one  organism.  Plating  onto  agar  at  the 
bedside  resulted  in  28  of  197  cases  (14.2%)  growing  >  15  colonies 
per  plate.  Laboratory  plating  of  specimens  submitted  in  sterile 
tubes  resulted  in  13  of  197  cases  (6.6%)  growing  >  15  colonies 
per  plate.  Ten  of  these  cases  were  positive  both  at  the  bedside 
and  in  the  lab.  Cultures  were  exclusively  positive  in  3 
catheters  plated  in  the  lab,  whereas  positive  cultures  were  found 
exclusively  in  18  catheters  plated  immediately  at  the  bedside. 
This  discrepancy  was  statistically  significant  (p=.0011; 

McNemar's  test  for  symmetry).  The  sensitivity  and  specificity  of 
sending  catheters  to  the  lab  for  culture,  assuming  bedside 
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plating  as  the  "gold  standard",  would  be  36%  and  98%, 
respectively. 

During  the  first  half  of  the  study,  when  the  proximal 
subsegment  was  plated  at  the  bedside  and  the  distal  subsegment 
was  plated  in  the  lab,  the  difference  between  exclusively 
positive  cultures  at  the  bedside  (12)  versus  exclusively  positive 
cultures  in  the  lab  (2)  was  associated  with  a  p  value  of  0.008 
(n=93) .  During  the  second  half  of  the  study,  when  the  distal 
subsegment  was  plated  at  the  bedside  and  the  proximal  subsegment 
in  the  lab,  the  difference  between  exclusively  positive  cultures 
at  the  bedside  (6)  versus  exclusively  positive  cultures  in  the 
lab  (1)  was  associated  with  a  p  value  of  0.059  (n=104) . 

Fifty-four  organisms  showed  significant  growth  on 
semiquantitative  culture  (SEE  TABLE  3) .  For  purposes  of 
tabulation,  each  organism  from  multiply  colonized  catheters  was 
designated  separately.  Coagulase  negative  staphylococcus  was  the 
most  commonly  isolated  organism  (25  of  54  organisms) .  In  cases 
where  only  bedside  plating  revealed  >  15  colonies,  the  most 
commonly  cultured  organism  was  also  coagulase  negative 
staphylococcus  (10  of  21  organisms).  Bedside  plated  cultures 
identified  infection  with  yeast  (2),  pseudomonas  aeruginosa  (2), 
staphylococcus  aureus  (1),  staphylococcus  heamolyticus  (2)  and 
others  (4),  when  laboratory  plated  cultures  were  negative.  In 
the  10  cases  where  laboratory  plating  and  bedside  plating  were 
both  positive,  there  was  total  concordance  among  organisms  in  8 
cases  and  partial  concordance  in  the  rest. 
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Seven  organisms  caused  catheter-related  bacteremia  in  5 
cases.  Two  of  these  cases  occurred  in  the  group  of  catheters 
positive  only  at  the  bedside.  One  of  the  catheters  positive  only 
in  the  lab  resulted  in  catheter-related  bacteremia. 

Contamination  of  either  bedside  plated  agar  (21),  laboratory 
plated  agar  (4) ,  or  both  (4) ,  resulted  in  exclusion  from  analysis 
of  29  cases  of  paired  data.  The  majority  of  bedside  plated  agar 
contamination  occurred  early  in  the  study. 
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DISCUSSION 


A  semiquantitative  catheter  tip  culture  yielding  growth  of  > 

15  colonies  of  bacteria  on  blood  agar  serves  as  a  useful  marker 

for  the  development  of  subsequent  catheter-related  bacteremia  and 

sepsis.  This  association  is  true  for  both  predominantly 

peripheral  catheters^  and  predominantly  central  venous 
7  8  12 

catheters.  '  '  For  this  reason,  a  positive  culture  is 
considered  an  indication  for  removal  of  the  catheter  from  the 
insertion  site.^^  Anything  which  interferes  with  the  growth  of 
significant  numbers  of  colonies  on  blood  agar  results  in  loss  of 
the  opportunity  to  identify  catheters  at  risk  for  bacteremia. 

Our  study  is  the  first  to  evaluate  whether  the  current  practice 
of  sending  catheter  tips  to  the  lab  results  in  a  lower 
sensitivity  for  catheter-related  infection,  compared  to  bedside 
culturing. 

In  1985,  Cooper  and  others^  reported  on  the  use  of  Gram 
stain  to  rapidly  identify  catheter-associated  infection.  In  this 
study  of  330  catheters  from  224  patients  they  found  9  cases  where 
a  positive  Gram  stain  was  associated  with  growth  of  <  15  colonies 
on  blood  agar.  Most  of  these  organisms  were  yeast,  and  4  of 
these  catheters  were  associated  with  fungemia.  The  authors 
stated  that  "at  least  some  of  the  catheters  that  we  have 
designated  as  having  false  positive  Gram  stains  may  instead  have 
had  false  negative  cultures . It  is  conceivable  that  organisms, 
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such  as  Candida,  that  thrive  in  moist  environments  may  not 
survive  for  a  prolonged  period  on  dry  plastic  surfaces.  It  is 
perhaps  relevant  that  most  catheters  in  this  study  were  held  for 
one  to  two  hours  or  longer  before  cultures  were  performed."  In 
1987  Collignon  and  others^®  also  compared  Gram  stained 
^'impression  smears"  of  intravascular  catheters  to 
semiquantitative  cultures  of  322  catheters.  In  16  cases  Gram 
stain  showed  >  2+  organisms  when  colony  count  was  <  15  colonies. 
The  authors  stated  that  "The  reasons  these  catheters  were 

negative  on  semiquantitative  culture  are  unclear . the 

possibility  (exists)  that  transport  in  a  "dry"  container  may  have 
resulted  in  loss  of  viability."  The  results  of  our  study, 
demonstrating  a  significantly  higher  yield  of  positive  catheter 
tips  at  the  bedside,  including  two  fungal  cultures  positive  only 
at  the  bedside,  adds  to  this  literature  and  supports  the  premise 
that  the  delay  associated  with  routine  laboratory  culture  of 
catheter  tips  results  in  loss  of  viable  organisms. 

In  this  study,  the  rate  of  catheter-related  infection  in 
cultures  plated  at  the  bedside  was  higher  (14.2%)  than  in  those 
cultures  plated  in  the  lab  (6.6%).  In  the  literature,  the  rate 
of  catheter-related  infection  has  been  reported  to  be  anywhere 
from  10-14%^^,  although  direct  comparisons  between  multiple 
studies  are  not  easy  to  make.  This  is  primarily  due  to  the  large 
number  of  factors  influencing  microbial  colonization  of 
intravascular  catheters  which  cannot  be  controlled  for,  as 

well  as  the  different  definitions  and  terms  used  to  identify 
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infection.  However,  in  the  two  studies  where  specimens  were 
reportedly  taken  to  the  lab  immediately  and  immediately 
plated, the  rate  of  catheter-related  infection  was  higher  than 
that  reported  in  the  remaining  literature.  Together,  these 
observations  add  support  to  the  hypothesis  that  routine 
laboratory  culture  of  catheter  tips  is  associated  with  a  lower 
yield,  compared  to  immediate  culture. 

Bedside  plating  of  catheter  tip  cultures  has  previously  been 
used  to  study  infection  associated  with  arterial  catheters.^® 

Its  successful  use  requires  that  blood-sheep  agar  plates  must  be 
available  in  the  intensive  care  unit  and  that  physicians  handling 
the  specimens  must  be  familiar  with  culture  plating  techniques. 
Also,  an  incubator  may  be  required  if  these  plates  are  not  taken 
to  the  lab  immediately.  Considering  the  benefits  of  increased 
detection  of  catheter- related  infection,  these  requirements 
appear  reasonable  to  us. 

Two  findings  require  additional  comment.  First,  the  rate  of 
contamination  in  bedside  cultured  agar  (21) ,  compared  to  the  rate 
of  contamination  of  laboratory  plated  specimens  (4),  was  high. 
This  was  felt  to  be  due  to  presence  of  a  learning  curve 
associated  with  bedside  plating  of  cultures  and  is  supported  by 
the  fact  that  the  majority  of  these  contaminations  occurred  early 
in  the  study.  Second,  the  difference  between  exclusively 
positive  bedside-plated  cultures  and  exclusively  positive 
laboratory-plated  cultures  during  the  second  half  of  the  study 
was  associated  with  a  p  value  of  0.059.  We  attributed  this  to 
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the  smaller  number  of  infected  catheter  subsegments  during  this 
time  period.  When  the  results  from  both  proximal  and  distal 
subsegments  were  combined  (representative  of  the  entire  6  cm. 
segment  usually  cultured) ,  there  was  a  statistically  higher 
incidence  of  bedside-positive  catheter  cultures. 
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CONCLUSIONS 


Culture  of  catheter  tips  at  the  bedside  provides 
significantly  more  positive  results  than  cultures  plated  in  the 
laboratory.  Identifying  more  catheter-related  infections  may 
further  decrease  the  incidence  of  catheter-related  bacteremia  and 
sepsis.  When  attempting  to  diagnose  a  catheter-related 
infection,  bedside  plating  of  catheter  tip  cultures  should  be 
considered  in  place  of  sending  catheters  to  laboratory  for 
routine  culture. 
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APPENDIX 


TABLE  1.  CATHETER  DEMOGRAPHICS 


TYPE  OF  CATHETER 


triple  lumen 

76 

(39%) 

Swan-Ganz 

60 

(30%) 

Cordis  introducer 

54 

(27%) 

single  lumen 

5 

(3%) 

dialysis 

1 

(.5%) 

not  specified 

1 

(.5%) 

SITE  OF  INSERTION 


internal  jugular 

92 

(47%) 

subclavian 

49 

(25%) 

femoral 

34 

(17%) 

other 

4 

(  2%) 

not  reported 

18 

(  9%) 

18 


TABLE  2.  FREQUENCY  OF  DISTRIBUTION  OF  SEMIQUANTITATIVE  CULTURES 


AGAR  (bedside  plating) 


<  15  colonies  ^  15  colonies 

(one  or  more 
organisms) 

<  15  colonies 

TUBE 

(lab  plating) 

^  15  colonies 
(one  or  more 
organisms) 


166 


18 


10 


19 


TABLE  3 .  ORGANISMS  YIELDING  GROWTH  ON  SEMIQUANTITATIVE  PLATE 


TOTAL  POSITIVE  POSITIVE 

POSITIVE  BEDSIDE  LAB 
ONLY  ONLY 


Coagulase  Negative 
Staphylococcus  25 

Yeast  (3  C.  albicans;  1 

not  identified)  4 

Serratia  marcescens  4 

Citrobacter  freundii  4 

Staphylococcus  aureus  3 

Enterococcus  3 

Pseudomonas  aeruginosa  2 

Staphylococcus  haemolyticus  2 
Other: (Bacillus  spp.(l),  7 

Enterobacter  Cloacae (1), 


Beta-strep (2) ,  Staph  spp.(3) 
(not  further  identified) ) 


10  3 

2 

1 

2 

2 

4 
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